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I. Introduction 
A. Review of the Experimental Operations Employed in the 
Investigation of the Relationship between Stimulus Discrim-
ination and Stimulus Generalization 
The relationship between stimulus discrimination and 
stimulus generalization has been explored previously within 
several different experimental settings. The operations in-
volved in these investigations represent two major approaches 
towards a specification of the functional relationship between 
discrimination and generalization. In one group of studies 
discrimination has been used in its psychophysical sense and 
refers to the limits or capacity of the organism to differ-
entiate between stimuli that vary with respect to some physi-
cal property. The general purpose of these studies was to 
provide empirical support for the notion that discrimination 
and generalization bear an inverse relationship, i.e. that 
the organism will generalize a response conditioned to one 
stimulus, to other stimuli along the relevant physical dimen-
sion, to the extent to which he fails to discriminate between 
stimuli. The methodology for these studies entailed the se-
lection of a stimulus dimension for which the discriminabilil'y 
function had been determined previously. This function was 
then used to generate predictions of the sharpness and/or 
symmetry to be expected in stimulus generalization gradients 
1 
2 
obtained following the nondifferential strengthening of a 
response to the standard or conditioned stimulus. 
A second group of studies have taken a more "direct" 
approach in their investigation of the relationship between 
discrimination and stimulus generalization in that they have 
introduced various kinds of discrimination training prior to 
the test for stimulus generalization. In studies of this 
nature differential training involving stimuli along a physi-
cal dimension is established before generalization gradeints 
are obtained. In general, theoretical interests of these 
studies have centered around how well the obtained stimulus 
generalization gradients fit hypotheses concerning the in-
teraction of postive and negative potentials that are assumed 
to generalize around stimuli associated with the reinforcement 
or nonreinforcement of a response. 
B. Review of Previous Studies Concerned with the Relation 
between the Discriminability of Stimuli and Stimulus Gen-
eralization. 
It has been proposed by some investigators that the 
shape of the generalization gradient is in some way dependent 
upon the underlying discriminability of stimuli used to elicit 
the gradient. For example, Hu111 has postulated that gradi-
1. Hull, C.L. Principles of Behavior. New York: Apple-
ton-Century, 1943. 
3 
ents are decreasing exponential functions of the stimuli 
expressed in psychophysical units (1i .. n.ds .)'. Furthermore, 
Schlosberg and Solomonl have indicated that gradients plotted 
on an equal-appearing interval scale would result in a straight-
line function. Such formulations indicate that if discrim-
inability varies along some physical continuum and that if, 
the stimuli used to elicit generalization gradients are ex-
pressed in arithmetic units rather than psychophysical units, 
that gradients obtained under such conditions should reflect 
the underlying ability of the organisms to discriminate be-
tween these stimuli. For those stimuli where discriminability 
is fine (small J.n.ds.), the gradients should be sharp and, 
conversely, where discriminability is coarse (large j'.n.ds.) 
the gradients should be flat. When discriminability .is either 
increasing or decreasing the resulting gradients should be 
asymmetrical. 
The preceding predictions were formulated and submitted 
to empirical verification by Guttman and Kalish2 using pigeons, 
operant conditioning procedures and the wavelength of light. 
1. Schlosberg, H. & Solomon, R. L. Latency of response in a 
choice discrimination. J. exo. Psychol., 1943, 33, 22-29. 
2. Guttman, N. & Kalish, H. Discr~inability and Generaliza-
tion. J. exp. Psychol., 1956, 51, 79-88. 
4 
The discriminability function for this dimension had been 
established by a previous investigation. In the Guttman and 
Kalish study, pigeons were trained to peck at a key illumin-
ated by a nonochromatic light. Pecking was reinforced on a 
VI schedule. After training, generalization gradients were 
obtained by varying wavelength of light on the key, during 
extinction. Initial training wavelenghts were selected to 
represen·t different degrees of discrimination and specific 
predictions were made about the steepness and symmetry to be 
expected in the resulting generalization gradients. The ob-
tained gradients, however, were equally steep and symmetrical 
regardless of the shape of the discriminability function for 
hues used to elicit the generalization gradients. In those 
cases where asymmetry occurred, it was contrary to that pre-
dieted by the assumption of an inverse relationship between 
discrimination and generalization. 
Three studies, similar .in intent to the pigeon study have 
been attempted with human subjects. The first1 was based upon 
the same assumptions that initiated the pigeon study. In the 
former study, human subjects were allowed to view one of four 
1. Kalish, H. I. The relationship between discriminability 
and generalization: a re-evaluation. J. exp. Psychol., 
1958, 55, 637-644. 
5 
different standard wavelengths for a one minute period. Again, 
standards .were selected from different points on the discrim-
inability function and predictions were made concerning the 
steepness and asymmetry to be expected in the resulting stim-
ulus generalization gradients, on the basis of the slope of the 
discriminability function around each of the standards. After 
the initial viewing, eight stimuli adjacent to the standard 
and differing from it in steps of ten ~· were presented to 
the subject, who was instructed to release a key when the 
stimulus presented was identical to the one originally shown 
him. The number of key releases made to test stimuli were 
plotted and treated as generalization gradients. The results 
of this ;study were quite different from those of the pigeon 
study. The gradients, based upon the frequency of the key 
releases, confirmed predictions concerning the sharpness of 
the gradients to be expected around each of the four stand-
ards. However, in only three out of four cases did the asym-
metry of the gradients fit that predicted on the basis of 
the slope of the discriminability function for generalized 
stimuli adjacent to the standard. The gradient around the 
530'm~. standard was asymmetrical in a direction opposite to 
that predicted. 
Amore recent study1 using a procedure similar to the 
above indicated truit the same relationship exists between 
discrimination and generalization at additional points on 
6 
the wavelength continuum. However, this last study as well 
as another independent study by Thomas 2 substantiated the re-
versal in gradients reported in the Kalish study3 In each 
of the three studies asymmetry in the gradient around 530 ~· 
was in a direction opposite to that predicted on the basis of 
the discriminability function. Consequently, it appears as 
if this finding is reliable and not the result of random 
error. One explanation4 has been offered for this finding 
that if correct, would account for the only data which 
failed to support the hypothesis of an inverse relationship 
between discrimination and generalization in human subjects. 
The essence of the latter explanation is that it may be the 
result of intensity variations peculiar to the nonochronometer 
used to present the hues. :The same apparatus was used in all 
three studies .. At any rate, until this conflict is resolved 
1. Shurtleff, D. A. & DiMascio, A. Stimulus generalization: 
its relation to discriminability, anxiety and drugs. Un-
published study. Mass. Mental Health Center, Boston, Mass. 
2. Thomas, D. R. & Mitchell, K. Discriminability and stimulus 
generalization. Unpublished study. Kent State University, 
Ohio. 
3. Kalish, H. I. 1958, op. cit. 
4. Shurtleff, D. A. op. cit. 
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completely the empirical validity of the hypothesized inverse 
relationship between discrimination and generalization in 
human subjects must be held in abeyance. What is really 
needed to test this hypothesis is a situation in which indi-
vidual thresholds are used to predict stimulus generalization 
gradients for the same individual. In studies to date, dif-
ference thresholds, based upon the responses of groups of in-
dividuals, were used to generate predictions concerning the 
steepness and asymmetry to be expected in stimulus generaliz-
tion gradients obtained from a different group of subjects. 
Also, it appears evident that the hue dimension is not the 
most appropriate dimension to use for studies of this nature. 
This is true for two reasons. First, it is a dimension for 
which it is difficult: ·to control for attendant physical pro-
perties, e.g., intensity and saturation. Second, it is a 
dimension with which the subjects may have had a great deal 
of non-experimental experience in which to develop color pre-
ferences of varying degrees. 
Finally, the discrepancy between the results of the pigeon 
study and the human studies cannot be resolved at the present 
time. It goes without saying that species, procedural and 
response differences obviate any meaningful comparisons or 
attempts to explain differences between these findings. Con-
8 
sequently, it is still open to question as to whether or not 
the same relationships exist between discrimination and gen-
eralization in pigeons and humans. 
C. Review of Studies concerned with the Effect of Dis-
crimination Training on Postdiscrimination Gradients 
Recent studies, using pigeons, operant conditioning 
techniques, and several stimulus dimensions, have explored 
in some detail the effect on stimulus generalization of dis-
criminatory procedures introduced before generalization. 
Prior to the work in this area by Guttman, Kalish and their 
students, there was little empirical information available 
concerning the effects of the establishment of a differen-
tial discrimination between stimuli on postdiscrimination 
gradients. In spite of this, some rather elaborate theoriesl,2 
had been presented from which one could make precise predic-
tions concerning the effect on the steepness and symmetry 
of generalization gradients, to be expected after differen-
tial training involving stimuli used to elicit the post-
discrimination gradient. Both theoretical treatments of this 
1. Spence, K. The nature of discrimination learning in ani-
mals. Psychol. Rev., 1936, 43, 427-449. 
2. Hull, C. L. A Behavior System. New Haven: Yale Univer-
sity Press, 1952. 
situation were similar in that prediction of the shape of 
postdiscrimination gradients could be based upon the postu-
lated interaction between excitatory and inhibitory poten-
tials which were assumed to develop as a function of rein-
forcement or nonreinforcement and generalize along the 
physical dimension. In some instances the two theories 
would lead to divergent predictions since different assump-
tions were made about the shape of the generalization func-
tion for excitatory and inhibitory potentials. Spence's 
9 
theoretical position will be presented here since the impli-
cation of this theory to the present situation has been 
elaborated and subsequently submitted to an empirical test 
by Hanson2 Hanson's extrapolation of Spence's theoreti-
cal position to the present situation is as follows: 
(1) "The postdiscrimination gradient will be steeper 
than the generalization gradient in the region of 
s-. 
(2) If a complete discrimination is developed, the 
value of the postdiscrimination gradient will be 
zero at s-. 
(3) The mode of the postdiscrimination gradient will 
be displaced away from s- in relation to the mode 
of the generalization gradient. 
1. Spence, K. The differential response in animals to stim-
uli varying in a single dimension. Psychol. Rev., 1937, 
44, 430-444. 
2. Hanson, H. M. Effects of discrimination training on stim-
ulus generalization. J. exp. Psychol., 1959, 58, 321-334. 
(4) The magnitude of this displacement will increase 
as the S-, S+ difference is reduced. 
(5) The maximum heights of the postdiscrimination 
gradients will be reduced as S-, S+ difference is 
reduced. 
(6) The postdiscrimination gradient will be a frac-
tional part of the generalization gradient and 
will nowhere exceed it." 
In order to test these predictions Hansonl trained 
10 
pigeons to discriminate between two values of wavelength be-
fore generalization gradients were obtained. The pigeons 
were reinforced on a VI schedule for pecking on a key illum-
inated by a wavelength of 550 m~. (S+). After this training, 
subjects were assigned to one of four discrimination groups 
or to a control group. The four discrimination groups received 
additional differential training in which they were reinforced 
on the same VI schedule when S+ illuminated the key, but were 
not reinforced when either 555, 560, 570 or 590 m~. was pre-
sented. Each group received a different negative stimulus 
(S-). After they had met criterion on this discrimination 
other wavelengths differing from S+ in intervals of 10 ~· 
were introduced and the same procedure was followed with the 
exception that reinforcement was omitted. The control group 
was presented the additional stimuli without any intervening 
1. Hanson, H. M. 1959, Page 321. op. cit. 
11 
differential training. Each of thirteen stimuli, including 
S+ and S-, were presented ten times on each of two succes-
sive days. Rate of pecking to each of the stimuli was com-
puted and the resulting plot of this rate measure consti-
tuted the postdiscrimination gradients. The results indi-
cated: (1) the steepness of the postdiscrimination gradients 
increased systematically in the region of S-, as S+, S- dif-
ferences decreased; (2) the steepness was decreased system-
atically for those stimuli to the nondiscriminated side of 
S+ as the s+, S- differences decreased; (3) the "peak shift" 
(mode of the gradient) of the postdiscrimination gradient was 
displaced systematically away from S+ as the S+, S- differ-
ences decreased; (4) the gradient for the control group was 
enveloped by the postdiscrimination gradients of each of the 
experimental groups. 
The conclusion of the author was that, in general, these 
data failed to support predictions drawn from Spence's theory. 
Hanson's data clearly do not support predictions 5 and 61 , 
although it may be that the generalization gradient for the 
control group would have been elevated somewhat if this group 
1. See Page 10. 
12 
had received additional training on S+ comparable to that 
received by the experimental groups during the course of dis-
crimination training. Also, Hansonrs data do not fit predic-
1 
tions 1-5 unless it is assumed that the maxima of the inhibi-
tory gradient is at S+ rather than s-. This assumption is 
clearly incompatible with the theory. Hanson concluded that 
the postdiscrimination gradient~ indicate that there is a basic 
rate wavelength function that is relatively constant in form 
and height. This function is merely moved in location as S+, 
S- separation is decreased. No explanation or theoretical 
account was offered as to the possible mechanism and/or mech-
anisms operating in this relocation of postdiscrimination gra-
dients. 
The approach represented in the study by Hanson2 has been 
extended to include a consideration of the effects of other 
features of discrimination training on postdiscrimination gra-
dients. Honig3 , for example, has completed a study which indi-
cates that simultaneous discrimination, in contrast to successive 
discrimination, instituted prior to generalization, does not 
lead to a shifting in the peak of gradients, other things equal. 
1. See Pages 9 and 10. 
2. Hanson, H.M. 1959, op. cit. 
3. Honig, W.K Prediction of preference, transposition, and 
transposition reversal from the generalization gradient. 
Unpublished doctoral dissertation. Duke University, 1958. 
13 
D • SUllllllary 
The above findings have added to our understanding of the 
effects of discrimination training on stimulus generalization 
in p~geons. Unfortunately, there are no comparable studies 
of this nature that have used h=an subjects and voluntary 
response dimensions. As a result, there was no readily avail-
able information as to whether or not the same relationship 
found in pigeon studies will hold for human behavior, as well. 
The discrepancy between results of comparative studies1 ' 2 in 
which the inverse hypothesis between discriminability and gen-
eralization was submitted to empirical verification, in both 
pigeons and hl.Dllans, indicates that it is hazardous, at best, 
to attempt .to extend results across species, particularly, 
when experimental procedures are radically different. This 
does not mean that comparative studies are not meaningful and 
valuable, but only to indicate that care must be taken to 
equate, as much as possible, experimental procedure~ 
used. Consequently, even though principles of behavior de-
rived from animal studies cannot be uncritically applied to 
hl.Dllan behavior, they may be utilized, at least, to provide 
clues ap to what variables might be most profitably explored 
when similar functions are investigated in man. 
1. Guttman, N. & Kalish, H. I. 1956, op. cit. 
2. Kalish, H. I. 1958, op. cit. 
II. Statement of the Problem 
The purpose of the study presented here was to provide 
empirical information concerning the effects, on the stimulus 
generalization of voluntary responses, of the manipulation 
of features of discrimination training instituted prior to 
generalization. One of the variations in discrimination 
training employed in this.study has been previously shown 
to alter postdiscrimination gradients in pigeons. Conse-
quently, this study provided empirical evidence as to 
whether or not the same relationship was operative in 
human discrimination and generalization, as well. Also, one 
novel feature of discrimination training has been explored, 
namely, the amount of discrimination learning, and related 
to postdiscrimination generalization. 
The investigation of the effects of discrimination 
training on the generalization of voluntary responses neces-
sitated several innovations. First, it was necessary to 
select an appropriate stimulus dimension. The hue dimen-
sion has several disadvantages1 • For this reason, stimuli 
along the auditory flutter continuum were used. Auditory 
stimuli on this continuum vary with respect to frequency of 
pulses per second (pps). This dimension seemed un~q~e~y 
suitable for a study of this nature. Not only is control of 
1. See page 7 • 
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attendant physical properties, e.g., duration and intensity, 
of this stimulus dimension possible, but, more important, it 
is a dimension for which the subject has had little, if any, 
previous experience. Second, studies that have previously 
investigated the stimulus generalization of voluntary responses 
have been faced with a methodological problem of strengthening 
or providing stimulus control over a response. Typically, 
this has been accomplished by verbal instructions. That is, 
the subject was explicitly instructed to make a specific re-
sponse only to a designated stimulus, and to withold this 
response when other similar, but not identical stimuli, were 
presented. The difficulty here, as Brown, et all have pointed 
out, was that the instructions must at once explicitly prohibit 
the response to other stimuli as well as implicitly condone 
it. What effect this procedure has on the generalization of 
voluntary responses has not been determined. Therefore, in 
an attempt to partially eliminate this problem a procedure 
was adopted in which a response made in the presence of S+ 
was followed by the onset of a small pilot light. When 
the same response was made in the presence of s;: no light 
was presented. During discrimination the subject was 
1. Brown, L. S., Clarke, F. R. & Stein, L. A new technique 
for studying spatial generalization with voluntary re-
sponses. J. exp. Psychol., 1958, 55, 359-362. 
merely instructed to make a specific response only when 
he thought it would be followed by the light. While 
this procedure was not identical to those used to devel-
op a discrimination in animals it was highly similar and 
has the added advantage that the subject does not have to 
be told the precise nature of the physical differences be-
tween stimuli presented him. 
Finally, a procedure for presenting S+ and S- during 
discrimination was adopted to permit a smooth transition 
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from discrimination training to the test for generalization. 
During discrimination training the subject was presented pro-
gressively moreS- than S+ trials. That is, the ratio of s-
to S+ was gradually increased so that by the end of discrim-
ination training the subject was at times presented with as 
many as 10 S- trials in a row before he got another S+ trial. 
This served two purposes: (1) it minimized any expectancy 
of a fixed ratio of presentations of S+ and 8,.::. as a factor 
contributing to the frequency of responses made during post~ 
discrimination generalization and, (2) allowed for a smooth trans-
ition from discrimination to the generalization period. 
The major emphasis of this study concerned the effects 
on postdiscrimination gradients of voluntary responses by the 
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variation in the amount of learning evidenced during differ-
ential discrimination training. 
. l 2 
While previous studies ' 
haVe indicated that postdiscrimination gradients do 
differ from generalization gradients there was no em-
pirical information as to whether the introduction of 
additional discrimination training, following the for-
mation.of a discrimination would produce any further, sys-
matic changes in postdiscrimination gradients. In order to in-
sure that a comparison could oe made between gradients ob-
tained in the absence of a differential discrimination with 
those obtained.after a discrimination, an S- was· selected so 
that its physical separation from S+ was close to the differ-
ence limen of the latter but not within it3 • With S- lying at 
or near the limen for S+, it would be expected that a suf-
ficiently large number of Ss would fail to make the discrim-
ination between the two stimuli. Therefore, the generaliza-
tion gradient obtained from the noncriterion group would 
allow for an unique comparison since discrimination training 
1. Jenkins, H. M. & Harrison, R. H. Effect of discrimination 
training on auditory generalization. J. exp. Psychol.,. 
1960, 59, 246-253. 
2. Hanson, H. M. 1959, op. cit. 
3. . 'The difference limen for S+ had been established and re-
ported in an unpublished study by: Shurtleff, D,A. & 
Mostofsky, D. The effects of some phenothiazine derivatives 
on the discrimination of auditory flutter. Paper delivered 
at EPA, April, 1961. 
18 
for Ss in this group would be identical to that for ~s in the 
criterion groups from whom they differed only in their fail-
ure to form a discrimination between S+ and S-. 
In addition, it may be asked of any methodology that 
it be sufficiently flexible in scope to permit an explora-
tion and development of empirical relationships between a 
number of variables that have been shown previously to have 
an effect on similar response phenomenon. Therefore, in 
order to evaluate these procedures as a general technique 
for the investigation of the generalization of voluntary 
responses and related variables, a feature of discrimina-
tion training employed in a previous studyl with pigeons 
was incorporated in the present study. The pigeon study 
had demonstrated a systematic effect on postdiscrimination 
gradients following progressive decreases in the physical 
separation between S+ and S- (expressed in arithmetic units). 
Manipulation of the physical units separating the discrimin-
ated pair was undertaken in the current study to establish 
whether a similar effect on gradients would result. 
In summary, the general purpose of this study, as 
noted above, was to provide a methodology for the investi-
gation of the generalization. of voluntary responses as it 
1. Hanson, H. M. 1959, op. cit. 
may be altered by, and related to, a variety of antecedent 
conditions. The specific purpose of this research was to 
determine the empirical relationship betweena1previously 
unexplored feature of discrimination training and post-
discrimination generalization. Therefore, these data 
should be viewed as exploratory and suggestive rather 
than a critical test of any theoretical position. One 
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of the two theoretical formulations mentioned previously1 , 
was discussed in terms of its generality to behavior investi-
gated under these experimental conditions. However, these 
data should not be viewed as a critical test of either 
theory since they were developed to handle other behavior 
elicited under different experimental conditions. 
1. Spence, K. 1936, 1937, op. cit. 
III. Methods and Procedures 
A. Subjects 
The subjects (~s) were 93 male and female students 
recruited from the Introductory and Experimental Psychology 
courses at Boston University. Their ages ranged from 18-
25 years. 
B. Apparatus 
Pictures of the equipment are presented in Figures 1 
and 2. As can be seen from these Figures, the apparatus 
consisted of a desk-type relay rack, upon which was mounted 
a face panel of 1/4" plywood measuring 19" x 48". One semi-
circular aperature approximately 3/411 wide was made in the 
panel. The aperature was sufficiently wide to allow the sub-
ject to introduce his finger and rotate the arm of a micro-
switch which was mounted and pivoted about the center of the 
semicircle. A DPDT toggle switch, spring return type, was 
mounted below the aperatUre. A small 110 AC light was mounted 
on the face panel approximately two inches below the aperature. 
The recording section of the apparatus was arranged at the 
rear of the relay rack, out of sight of the S, who was seated 
in front of the rack. The recording section was divided into 
three main sections. The upper portion of the plywood sec-
tion contained a transparent protractor which was affixed to 
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Figure 1. Apparatus as seen from the subject's point of 
view A. Aperature. B. sR light. C Toggle 
switch. 
Figure 2 Apparatus as seen from the Experimenter's point 
of view. 
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the panel in such a way to allow the Experimenter to record 
the degrees of rotation of the manipulandum by means of a 
pointer, which was attached along the horizontal axis of the 
microswitch. A meter plug was adapted as a pointer by using 
a length of steel rod, which was cemented to the terminals 
of the switch and plug. Mechanical stops were provided for 
the switch to eliminate any possibility of rotation beyond 
the 180° point. 
A shelf beneath the protractor held three clocks, which 
recorded: (1) the reaction time between the onset of a stim-
ulus and the release of the toggle switch; (2) the time inter-
vening between the release of the toggle switch and the initi-
ation. of the rotation of the arm of the microswitch and; (3) 
the time spent in rotation of the arm of the microswitch. 
The area beneath the clocks contained: (1) a 6 VDC 
power supply; (2) a Grass stimulator Model S-6, which provides 
for control of the frequency of pps., duration of pulses and 
volume of pulses; (3) a:c-K timer which simultaneously pre-
sented the stimuli to the ~ via earphones and provided the 
switching necessary for the clock circuits (In the interest 
of avoiding mechanical warmup the Stimulator was continuously 
on, however, the subject was able to hear pulses only when 
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the timer was activated. This was made possible by inserting 
a relay between the stimulator and the earphones, which was 
closed when the timer was activated.) (4) a Time-a-light 
Timer which activated the light mounted on the face of the 
panel when the S had completed the rotation of the arm of the 
microswitch; (5) a semi-noiseless slide switch that enables 
the Experimenter to set up the light circuit on those occa-
sions when S+ was presented and break the circuit when S- was 
presented; (6) a set of Crystal Headphones, Model BA-206, 
through which variations in frequency of auditory pulses were 
presented to the sl. 
C. Procedure 
The Ss were given the following instructions after they 
had been seated before the panel and fitted with earphones. 
"Here are some samples of the possible stimuli I can present 
(the Experimenter presents 3, 6, 9 pps.). You will note that 
each stimulus consisted of a discrete series of auditory clicks. 
When I say 'ready' put your finger on this switch and depress 
it. (The Experimenter points to the DPDT toggle switch and 
shows the S how to depress it if necessary.) By rotating 
1. The circuit for the apparatus is presented in the Appendix. 
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this lever (the Experimenter demonstrates) all the way over 
to the left in the presence of one of the stimuli, I will 
present, this light will appear (the Experimenter demon-
strates how the light is activated); that is, the light will 
always be associated with one stimulus, but never with any 
other. Use the same index finger for both the depression of 
the toggle switch and the rotation of the lever. Your task 
is to turn the light on as often as possible. That is, make 
the lever response only in the presence of the stimulus that 
turns on the light. If you decide not to make the lever res-
ponse hold the switch depressed until the stimulus terminates. 
A new trial will follow the termination of each stimulus." 
Eight independent groups of Ss were used in this study. 
Groups I, II, III, and IV are the groups of primary interest 
since they are the ones for which the amount of learning 
varied. For each of these four groups the light was paired 
with 7. 0 pps., while no light was paired wi.th 7. 4 pps. The 
former value was designated as S+, while the latter value was 
designated as S-. The order of presentations of S+ and S- was 
arranged, during discrimination, so that the ratio of S+ to 
S- was decreased as training trials increased. During the 
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first ten trials of discrimination, S+ and S- were presented 
an equal number of times (1-1 ratio). For the next 40 trials, 
30 S- trials were presented and only tenS+ trials (3-1 ratio). 
Over the last 96 trials 80 S- trials and 16 S+ trials were 
presented (5-l ratio). S+ and S- trials were randomly pre-
sented within any given ratio. For example, the 96 trials 
of the 5-l ratio were made up of successive random presenta-
tions of five S- trials and one S+ trial. Therefore, the ~ 
could receive a maximum of ten S- trials on this ratio before 
he got another S+ trial. Each stimulus was presented for 
approximately 2.5 seconds with about 15 seconds intervening 
between successive trials. If the subject assigned to Groups 
II, III and IV made ten correct responses in succession dur-
ing the 5-l ratio, discrimination training was terminated. 
There was an added stipulation to this criterion in that at 
least one out of these correct trials had to include an S+. 
For Group II this was followed immediately by the generaliza-
tion test series. Subjects who met this criterion in Group 
III were given 30 additional discrimination trials on the 5-l 
ratio before the introduction of the generalization test 
series. Subjects who met criterion in Group IV were given 
60 additional discrimination trials before generalization. 
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Group I was made up of §_s assignedto·-Groups II, III and IV 
who failed to reach criterion on the .5-l ratio. Subjects in 
Group I were administered the generalization test after the 
96 trials of the s·,;.l ratio. 
Groups V, VI, VII and VIII completed the basic experimental 
design and were utilized in an effort to explore an additional 
feature of discrimination. For Groups V, VI, VI~ and VIII 
the magnitude of the physical unit of separation between S+ 
and S- was manipulated. Each of the four groups had light 
paired with 7.0 pps. whileS- was varied. Subjects in Group 
V had no light paired with 6.2 pps., while those in Groups VI, 
VII and VIII had as S- 6. 6, 7. 8 and 10.0 pps., respectively. 
In each case the same discrimination procedure as used for 
Groups IT, III and IV was followed with the exception that no 
overlearning trials were given after the formation of the 
initial discrimination. 
Two changes were introduced during generalization: (1) 
test stimuli, i.e. additional to those used in discrimina-
tion, were introduced and (2)· the light was no longer paired 
with S+. In all o.ther respects the procedure was identical 
to that used during discrimination training. The subject was 
not notified of the transition from discrimination to general-
ization, which proceded without interruption. 
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The stimuli presented during the generalization period 
were: 6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4, 7.6, and 7.8 pps. 
Nine different orders of stimulus presentations were con-
structed1. These orders were determined according to a modi-
fied latin square design. In the basic design each of the 
generalized stimuli were preceded and followed an equal 
number of times by each of the stimuli in the series. How-
ever, in order to include the 7.0 pps. as part of the gen-
eralized series, a different generalized stimulus was dropped 
out of each order, and S+ inserted in its place. The gener-
alized stimuli that were eliminated, from each of the eight 
series, made up the ninth order. This arrangement provided 
for each stimuli to appear once in each ordinal position and 
the order approximated the condition in which each stimulus 
was preceded and followed an equal number of times by each of 
the other stimuli in the series. Each order was presented 
twice so that any given subject received a total of 16 gen-
eralization trials. The second presentation of each order 
was the reverse of the first. 
A total of nine subjects were included in each of the 
1. These orders are presented in the Appendix. 
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discrimination groups, with the exception of Groups I, V and 
VI1 • Each~ received a different order of stimuli. Consequent-
ly, the total number of possible generalization responses for 
each group was 144, 16 for each of the generalized stimuli. 
1. Twelve Ss from Groups II, III and IV failed to meet cri-
terion and they were assigned to Group I. A total of 18 
~s met criterion in Groups V and VI. Eighteen ~s, 9 from 
each group were administered a different generalization 
test series and these data will not be presented in this 
study. 
IV. Results 
A. Postdiscrimination Gradients Obtained after the 
Learning and Overlearning of a .Differential Discrimination 
The postdiscrimination gradients. for Groups I, II, III 
and IV which differed With respect to degree of learning in dis-
crimination training are presented in Figure 3. The gradients, 
for each group, were obtained by dividing the total number of 
responses made to each stimulus by the total number of times 
each stimulus was presented during the first test for general-
ization. As this Figure indicates there was a systematic 
reduction in the slopes of the gradients, in the region of 8-
(7.4 pps) as discrimination learning increased. This is strik-
ingly evident in Figure 4 in which the slopes for the right 
side of the gradients are plotted. This Figure demonstrates 
th<tt the gradient slopes are: (1) systematically reduced to 
S- and adjacent stimuli and, (2) displaced toward the non-
discriminated side of the stimulus dimension. This Figure 
also shows a systematic displacement in the "peaks" (max-
imum response frequency) of the gradients to stimuli to the 
nondiscriminated side of S+. A similar plot of the left 
slopes of the gradients is presented in Figure 5. As this 
Figure shows, no systematic relationship between gradients 
is apparent. There is, however, a slight tendency for the 
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gradients to be steeper for the criterion groups than for the 
group in which §.s failed to meet criterion. The total m.nnber 
of responses made by Ss in Groups I, IT, III and IV, to each 
of the nine stimuli presented during the first test for general-
ization, are shown in Table I. As this Table indicates there 
was a systematic reduction in the number of responses to S- and 
adjacent stimuli as amount of discrimination learning increased. 
Since more Ss were assigned to Group I than to the other 
three groups, a more meaningful comparison was made between 
the response frequencies for these groups by dividing the ob-
tained #.requency of responses by the total number of response 
opportunities. For this comparison response frequencies for 
Ss in each group were pooled over stimuli to the discriminated 
side of S+ and over stimuli to the nondiscriminated side of 
S+. The pooled frequencies were divided by the combined fre-
quency of presentations of the four stimuli during the first 
test for generalization .. These percentages are shown in 
Table II. This Table indicates that a systematic reduction 
took place in the percentages of responses to stimuli to the 
discriminated side of S+ as the degree of discrimination learn-
ing increased. While there was no similar relation between 
35 
Table I 
The Total ~umber of Responses to each of the ~ine 
Stimuli Presented during the First Test for 
Generalization for Groups in which the 
Degree of Discrimination Learning Varied 
Groups ~ Stimuli in pPS. 
6.2 6.4 6.6 6.8 7,0 7.2 7.4 7.6 7.8 Totals 
I 12 7 8 6 7 6 9 5 3 4 55 
II 9 3 5 5 6 7 3 1 0 1 31 
III 9 4 4 5 7 5 1 0 0 0 26 
IV 9 6 7 6 6 2 0 0 0 0 27 
Table II 
The ~umber of Stimulus Presentations, the Total 
Frequency of Responses and the Percentage of 
Responses during the First Test for Gen-
eralization for Stimulus Categories to 
the Discriminated Side of S+, the ~on-
discriminated Side of S+ and to S+ 
for Groups in wnich the Degree 
o'f:Discrimination Learning Varied 
Groups ~ Stimuli in pps 
6.2-6.8 pps. 7.0pps. 7.2-7.8 pps. Totals 
s p R f %R s p Rf %R s p R f %R s p R f %R 
.I 12 44 28 .64 10 6 .60 42 21 .50 96 55 .57 
II 9 32 19 .59 8 7 .87, 32 5 .16 72 31 .43 
III 9 32 20 .62 8 .5 .62 32 1 .03 72 26 .36 
IV 9 32 25 .78 8 2 .25 32 0 .00 72 27 .38 
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percentages .of responses to stimuli to the nondiscriminated 
side of S+ there was a tendency for percentages of responses 
to increase for the criterion groups as overlearning trials 
were increased. Finally, percentages of total responses were 
less for each of the three criterion groups than for the non-
criterion group . 
The preceding analysis was based upon responses which 
were pooled over Ss in each of the four groups. In order to 
determine if the reduction noted in the percentages of respon-
ses also reflected a corresponding decrease in the number of 
~s who made.a response during generalization, the number of 
~s, in each group, who made one or more responses vs. those 
who failed to make a response to any one of the four stimuli 
to the discriminated side of S+ or the nondiscriminated side 
of S+, was determined. These proportions are shown in Table 
III, As can be seen from this Table there was a systematic de-
crease in the number of Ss who made at least one response to 
stimuli to the discriminated side of S+, as amount of discrim-
ination learning increased, and a corresponding increase in the 
number of Ss who failed to make a response to any one of these 
stimuli. A Chi Square test for the differences between these pro-
portions was significant (x2= 10.82, df= 3, .02 > P > .01). A 
Table III 
The Number of ~s who made One or More Responses vs. 
Those Who Failed to make a Response to Stimuli to 
the Nondiscriminated Side of S+ and the Discrimin-
ated Side of S+ during the First Test for Gener-: 
alization for Groups in which the Degree of 
Discrimination Learning Varied 
Groups Nondiscriminated Discriminated 
Side of S+ Side of S+ 
R R Total R R Total 
I 9 3 12 11 1 12 
II 7 2 9 5 4 9 
III 8 1 9 1 8 9 
IV 8 1 9 0 9 9 
Total 32 7 39 17 22 39 
Table IV 
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The Total Number of Responses to: Each of the Nine Stimuli-' 
Presented During the Second Test for Generalization 
for Groups in which Degree of Discrimination 
Leaming Varied 
Groups N Stimuli in pps. 
6.2 6.4 6.6 6. 8- 7.0 7.2 7.4 7. 6 7.8 Totals 
I 12 7 8 8 7 6 7 5 5 3 56 
II 9 5 4 6 5 2 3 1 2 0 28 
III 9 3 3 4 5 3 2 0 1 0 21 
IV 9 6 5 6 3 3 2 2 0 1 28 
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similar test between the proportion of Ss, for each of these 
groups, who made one or more responses vs. those who failed 
to make any responses to stimuli to the nondiscriminated side 
of S+ was not significant. 
The gradients obtained for Groups I, II, III and IV dur-
ing the second test for generalization, are presented in 
Figure 6. These gradients were plotted in the same way as 
those for the first test for generalization. It is evident 
from this Figure that: (1) the slopes of the postdiscrimina-
tion gradients tend to be flatter than those obtained during 
the first test for generalization a~d, (2) the systematic 
relationship observed between gradients to stimuli to the 
discriminated side of S+, during the first test for general-
ization has disappeared, with the exception, that the gradi-
ent for the noncriterion group continues to be more elevated 
than those of the criterion groups. 
The total frequency of responses made by Ss to each of 
the nine stimuli presented during the second test for general-
ization, are shown in Table IV. It will be seen from this 
Table that: (1) there was very little difference between the 
tqtal number of responses made by each of the groups during 
the first (Table I) and the second tests:for generalization; 
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(2) the ~s in the learning and overlearning groups tend to 
make more responses to stimuli to the discriminated side of 
S+ than they did during the first test for generalization and, 
(3) there is no longer any systematic relationship between 
frequency of responses to stimuli to the discriminated side 
of S+ and the amount of discrimination learning. 
These data were submitted to the same analyses as em-
ployed with the response frequencies obtained during the 
first test for generalization. First, response frequencies 
were pooled, for each group, over stimuli to the discriminated 
side of S+ and over stimuli to the nondiscriminated side of 
S+. These pooled frequencies were divided by the combined 
frequency of presentations of each of the four stimuli during 
the second test for generalization. These percentages are 
shown in Table V. Here it will be noted that while the learn-
ing and overlearni~g groups tend to make fewer responses to 
stimuli to the discriminated side of S+ than the noncriterion 
group there is no longer a systematic decrease in the percen-
tage of responses as the amount of discrimination learning 
increased. Second, in Table VI, are presented the number of 
~s, in each of the four learning groups, who made one or more 
responses vs. those who failed to make a response to any one 
Table V 
The Number of Stimulus Presentations, the Total Frequency 
of Responses, and the Percentage of Responses during 
the Second Test for Generalization for Stimulus 
Categories to the Discriminated Side of S+, 
Groups N 
the Nondiscriminated Side of S+ and to 
S+ for Groups in which Degree of 
Discrimination Learning Varied 
Stimuli in pps. 
41 
6.2-6.8 pps. 7. 0 pps. 7.2-7.8 pps. Totals 
I 
II 
III 
IV 
s p R f %R s>p '''R f %R s p R f %R s 
12 44 30 .68 10 6 .60 42 .. 20 .48 96 
9 32 20 .62 8 2 .25 32 6 .19 7.2 
9 32 15 .47./ 8 3 .38 32 3 .09 72 
9 32 20 .62 8 3 .38 32 5 .16 72 
Table VI 
The Number of Ss Who Made One or More Responses vs . 
Those Who Failed to Make a Response to Stimuli to 
the Nondiscriminated Side of S+ and the Discrim-
inated side of S+ during the Second Test 
for Generalization for Groups in 
which Degree of Discrim-
ination Learning Varied 
Groups 
Nondiscriminated Discriminated 
Side of S+ Side of S+ 
p R f 
56 
28 
21 
28 
R "R Total R "R Total· 
I 11 1 12 10 2 12 
II 7 2 9 3 6 9 
III 8 1 9 2 7 9 
IV 9 0 9 2 7 9 
Total 35 4 39 17 22 39 
%R 
.58 
.39 
.29 
.39 
42 
of the four stimuli to the discriminated or nondiscriminated 
side of S+. The Chi Square tests for the differences in 
these proportions were not significant. This was the case 
for proportions both to the discriminated and nondiscrimin-
ated side of S+. 
B. The Effect of the S+, S- Separation on Postdiscrimina-
tion Gradients 
For Groups II, V.II, and VIII, 7.0 pps. served asS+, 
whileS- was 7.4, 7.8 and 10.0 pps. respectively. Figure 7 
shows the percentages of responses made by these respective 
. groups to each of the nine stimuli presented during the first 
test for generalization. Each point repre13ents .the total 
number of responses made by all ~s in a given group divided 
by the total number of presentations of that stimulus during 
generalization. As this Figure indicates there was a reduc-
tion in gradients to the discriminated side of S+ as the S+, 
S- difference was decreased. The gradients for the groups in 
which S- was at 7.4 and 7.8 pps. are steeper than that for the 
group in which s- was at 10,0 pps. There is, however, no 
apparent differences between the gradients of the former 
groups. Also, there was a tendency for the gradients for 
groups II, and V.II to be more elevated than that for Group 
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VIII on the nondiscriminated side of S+. The latter features 
of these gradients are more evident in Figures 8 and 9, in 
which gradient slopes to the right and left of the points of 
maximum response frequency have been plotted separately. 
The pooled frequency of responses for these groups to 
stimuli to the nondiscriminated and discriminated side of 
S+ are presented in Table VII. As shown in this Table, there 
was a systematic decrease in the number of responses made to 
stimuli to the discriminated side of S+ as the S+, 8- separa-
tion was decreased. Also, there was a tendency for more re-
sponses to be made to stimuli to the nondiscriminated side 
of S+ as the S+, 8- separation was decreased. In order to de-
termine the extent to which these differences in response fre-
quency reflect differences between ~s, the number of ~s who 
made one or more responses vs. those who failed to make are-
sponse to one of the four stimuli to either side of S+ was'-- de-
termined. These proportions are presented in Table VIII. Here 
it will be noted that there is little difference between pro-
portions for ~s in these groups. The Chi Square tests for dif-
ferences between these proportions were not significant. 
The results for the second test for generalization are 
shown in Figure 10. Two features of these gradients are of 
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Table VII 
The Total Frequency of Responses to Stimuli to the Dis-
criminated and Nondiscriminated Side of S+ for Groups 
in which S+, S- Separation Was Varied during 
the First Test for Generalization 
Groups N Stimuli Frequency of Responses 
Discriminated 6.2 - 7.2-
48 
S+ s- 6.8 pps. 7.0 pps. 7.8 pps. 
II 9 7.0 pps. 7.4 pps. 19 7 5 
VII 9 7.0 pps. 7.8 pps. 18 6 8 
VIII 9 7.0 pps. 10.0 pps. 14 3 16 
Table VIII 
The Number of ~s Who Made One or More Responses vs. Those 
Who Failed to Make a Response to Stimuli to the Non-
discriminated Side of S+ and the Discriminated Side 
of S+ during the First Test for Generalization for 
Groups in which S+, S- Separation was Varied 
Groups Nondiscriminated Discriminated 
Side of S+ Side of S+ 
-
-
R R Total R R Total 
II 7 2 9 5 4 9 
VII 8 1 9 4 5 9 
VIII 7 2 9 6 3 9 
Total 22 5 27 15 12 27 
Totals 
31 
32 
33 
49 
interest: (1) there is a reduction in the number of responses 
made to s+ and, (2) there is a tendency for maximum response 
frequency to occur to stimuli other than those at which a 
maximum number of responses were obtained during the first 
test for generalization. This shift for groups with S- at 
7.4 and 10.0 pps. was to stimuli to the nondiscriminated side 
of S+. 
The pooled frequency of responses for these groups to 
stimuli to the discriminated and nondiscriminated side of S+ 
are presented in Table IX. As shown in this Table there is 
no longer a systematic reduction in the number of responses 
made to stimuli to the discriminated side of S+ as the S+, 
S- separation is decreased. However, the same relationship, 
noted during the first test for generalization, between fre-
quency of responses and the discrimination groups is retained 
during the second test for generalization for responses to 
stimuli to the nondiscriminated side of S+. 
Table X s=arizes the l'P$'POrtion of 2_s who made one or 
more responses vs. those that failed to respond to stimuli to 
the discriminated and nondiscriminated side of S+. There 
were no significant differences between these proportions. 
This was true for both sides of S+. 
Table IX 
The Total Frequency of Responses to Stimuli to the Dis-
criminated and Nondiscriminated Side of S+ for 
Groups in which S+, S- Separation was 
Varied during the Second Test 
for Generalization 
Groups N Stimuli Frequency of Responses 
Discriminated 6.2- 7.2-
S+ s- 6.8 pps. 7.0 pps. 7.8 
II 9 7.0 pps. 7.4 pps. 20 2 6 
VII 9 7~0 pps. 7.8 pps. 19 3 13 
VIII 9 7.0 pps. 10.0 pps. 16 1 8 
Table X 
The Number of ~s Who Made One or More Responses vs. 
Those Who Failed to Make a Response to Stimuli to 
the Nondiscriminated Side of S+ and the Dis-
criminated Side of S+ during the Second 
Test for Generalization for Groups 
in which S+, S- Separation was Varied 
Groups Nondiscriminated Discriminated 
Side of S+ Side of S+ 
pps. 
R R Totals R R Totals 
I .7 2 9 3 6 9 
VII 8 1 9 8 1 9 
VIII 8 1 9 4 5 9 
Totals 23 4 27 15 12 27 
50 
Totals 
28 
35 
25 
51 
In addition to those groups for which S- was varied to 
the "faster than" side of S+, Groups V and VI were given dis-
crimination training in which 7.0 pps. again served asS+, but 
S- was varied to the "slower than" side of S+. The postdis-
crimination gradients obtained for these groups are presented 
in Figures 11 and 12. During the first test for generaliza-
tion, as shown in Figure 11, there was no overlap between the 
gradients obtained for these groups. The gradient for the 
group given discrimination training between 7.0 and 6.2 pps. 
is consistently more elevated than that for the group in 
which S- was 6.6 pps. 
The pooled frequency data for these groups are presented 
in Table XI. As this Table indicates the Ss in the group with 
the smallest separation between S+ and S- during discrimination 
tended to make fewer responses to stimuli to both sides of 
S+. The biggest difference between groups, however, occurred 
to stimuli to the discriminated side of S+ . 
The proportion of ~s who made one or more responses vs. 
those who failed to make a response to any one of the stimuli 
to either side of S+ are presented in Table XII. The differ-
ences between these proportions of ~s to the discriminated 
side of S+ was significant (x2 = 6.25, df = 1, .02 > P > .01). 
~ 
Vl 
"' 0 
·.-I 
.u 
<\1 
.u 
c 
QJ 
Vl 
QJ 
H 
"" 
"' 0 
H 
QJ 
..0 
8 
" z 
,...., 
ro 
.u 
0 
f-i 
..._ 
QJ 
Vl 
"' 0 
"" 
(/) 
QJ 
~ 
,...., 
ro 
.u 
0 
f-i 
'..J 
OJ 
(/) 
"' 0 
"" (/) QJ 
~ 
.u 
"' QJ (.) 
H 
QJ 
"" 
1.00- • • 
."" 
.90-
o---o OIP 
• \ I I I I \ 
.80- I I \ 
I \ I I I \ 
.70- I I \ 
\ I I 
I ·I 
.60- • 0 0 I 
I 
I 
.50- I 
I 
I 
.40- I 
·-· 6.2 
Group V 
vs • 7.0 pps. 
I Group VI I 0--06.6 vs. 7.0 pps. 
.30- I 
I 
• 0 / 
.20- / 
/ 
/ 
.10- /~ 
/ 
/ 
/ 
6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 
Stimuli in Pulses Per Second 
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generalization as a function of S+, S- separation. 
Table XI 
The Total Frequency of Responses to Stimuli to the 
Discriminated and Nondiscriminated Side of 
S+ for Groups in which S+, S- Separation 
was varied during the First Test 
for Generalization 
Groups N Stimuli Frequency of Responses 
Discriminated 6.2- 7.2 
S+ S- 6. 8 pps. 7..0 pps. 7. 8 pps. 
v 9 7.0 pps. 6.2 pps. 14 6 31 
VI 9 7. 0 pps. 6.6 pps. 3. 5 26 
Table XII 
A Summary of the Ntnnber of .§.s Who Made One or More 
Responses vs. Those Who Failed to make a Response to 
Stimuli to the Nondiscriminated Side of S+ and 
the Discriminated Side of S+ during the First Test 
for Generalization for Groups in which S+, 
S- Separation was varied. 
Groups Discriminated Nondiscriminated 
Side of S+ Side of S+ 
R R Totals R R Totals 
v 9 0 9 9 0 9 
VI 3 6 9 9 0 9 
Totals 12 6 18 18 0 18 
53 
Totals 
51 
34 
54 
The differences between these proportions of ~s making a 
response or no response to stimuli to the nondiscriminated 
side of S+ was not significant. 
Figure 12 shows the postdiscrimination gradients obtained 
for the same two groups during the second test for generaliza-
tion. As this Figure indicates there is considerable over-
lap between gradients, particularly to stimuli to the dis-
criminated side of S+. 
The pooled frequency of responses for these groups to 
stimuli to either side of S+ are presented in Table XIII. 
Here it is noted that, in contrast to the first test for 
generalization, there is little difference between responses 
made to stimuli lying to the discriminated side of S+. Also, 
as Table XIV' indicates there is no longer any difference be-
tween the proportion of ~s making one or more responses vs. 
those that failed to respond at least once to stimuli to the 
discriminated side of S+. 
C. Discrimination Performance as a Function of the Magni-
tude of Separation between S+ and S-. 
The mean number of errorsl, trials to criterion and 
errors/trials ratio, were computed for ~s who met criterion 
1. An error was counted if the S either made the S+ response 
in the presence of S-, or i~he failed to make the appro-
priate response in the presence of S+. 
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Table XIII 
The Total Frequency of Responses to Stimuli to the 
Discriminated and Nondiscriminated Side of S+ 
for Experimental Groups in which the S+, 
S- Separation'was varied during the 
Second Test for Generalization 
56 
Groups N Stimuli Frequency of Responses 
Discriminated 6.2 - 7.2-
S+ S- 6.8 pps. 7. 0 pps. 7. 8 pps. 
7.0 pps. 6.2 pps. 4 3 27 
VI 9 7.0 pps. 6.6 pps. 5 3 19 
Table XIV 
The Number of ~s Who Made One or More Responses vs. 
Groups 
v 
VI 
Totals 
Those Who Failed to make a Response to Stimuli 
to the Nondiscriminated Side of S+ and the 
Discriminated Side of S+ During the Second 
Test for Generalization for Groups in 
which the S+, S- Separation was varied 
Discriminated Nondiscriminated 
Side of S+ Side of S+ 
R R Totals R R Totals 
4 5 9 9 0 9 
3 6 9 8 1 9 
7 11 18 17 1 18 
Totals 
34 
27 
57 
in each of the discrimination groups, These data are pre-
sented in Table XV. The results of an analysis of variance 
of these data are presented in Table XVI. As this Table indi-
cates, the differences between the groups with respect to the 
mean number of errors, trials and errors/trials were signifi-
cant. In Table XV it will be noted that the group in which 
7.0 pps. served asS+ and 10.0 pps. asS- had by far the best 
discrimination performances. This was the case for each of 
the three measures. Also, the .2_s in Group V (S+=- 7. 0 pps., 
S- = 6.2 pps.) tended to make fewer errors, take fewer trials 
to meet criterion, and have a lower errors/ trials ratio than 
did .2_s in Group VI (S+"" 7.0 pps., S- = 6.6 pps.). This same 
relation was not noted for groups for which S- was at 7.4 pps. 
or 7. 8 pps. 'While the group which discriminated 7. 0 pps. from 
7.4 pps. had a higher errors/trials ratio than the group which 
discriminated 7.8 pps. from 7.0 pps., the latter group seemed 
to make as many errors and took more trials to criterion. 
These differences between groups are viewed only as trends, 
since the major difference between groups was obviously con-
tibuted by the group for which s- was .at 10.0 pps. 
Finally, it should be noted that three measures of re-
sponse time were recorded during discrimination and general-
58 
Table XV 
Means of Errors, Trials to Criterion and Errors/Trials for 
Subjects Who Met Criterion in Each Experimental Group 
Stimuli 
Discriminated 
Groups N s- S+ Errors Trials Elrrors/ 
Trials 
v 18 6.2 pps. 7.0 pps. 21.61 34.28 .220 
VI 18 6.6 pps. 7.0 pps 26.28 41.56 .276 
II, III & IV .27 7.4 pps. 7.0 pps .. 27.41 37.26 .299 
VII 9 7.8 pps. 7.0 pps. 26.44 48.67 .236 
VIII 9 10.0 pps. 7.0 pps. 6.66 10.89 .111 
--------------------------------------------------------------
Table XVI 
Results of the Analysis of Variance for Differences in 
Errors, Trials to Criterion and Errors/Trials 
Errors Source df ss MS F 
Groups 4 3,243.47 810.87 3.48 p < .01 
Within 76 17,680.63 232.64 
Total 80 20,924.10 ------
Trials Groups 4 7,770.37 1942.59 3.14 .025 >P> .01 
Within 76 47,073.63 619.39 
·Total 80 54,844.00 
Errors/ 
Trials Groups 4 .2672 .0668 4.95 p < .01 
Within 76 1.0289 .0135 
.Total 80 1.2961 
59 
ization. However, each of these measures failed to show any 
consistent or meaningful trends. For this reason they were 
not reported in this study, 
V. Discussion 
A. The Effects of the Formation of a Differential Dis-
crimination on the Generalization of Voluntary Responses 
Recent years have witnessed a growing interest among 
psychologists in the stimulus generalization of voluntary re-
sponses and its relation to a variety of antece:dent .. condi-
tions. In spite of this, there is a noticeable absence of 
studies which have investigated generalization following dis-
crimination training. This has not been the case with studies 
concerned with stimulus generalization in lower organisms. 
In fact, there have been a mnnber of investigations directly 
concerned with the effects of discrimination training on stim-
ulus generalization in pigeons. 
In a study by Jenkins and Harrisonl pigeons were trained 
by operant conditioning methods to discriminate the presence 
of a particular frequency of tone from its absence. In a sub-
sequent generalization test, steeper gradients resulted for 
this group than were obtained from a group who were given 
nondifferential training to the same tone. Two other studies 
have also been concerned with the effects of differential dis-
crimination on the generalization gradient. In both studies 
1. Jenkins, H. M. & Harrison, R. H. op. cit. 
60 
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pigeons were reinforced on a VI schedule in the presence of 
one wavelength of light and nonreinforced in the presence of 
a second wavelength, prior to the introduction of generaliza-
tion test stimuli. In the Hanson studyl, all of the postdis-
crimination gradients were higher than the generalization 
gradient to the nondiscriminated side of S+. However, on the 
discriminated side of S+ there was a tendency for the control 
gradient to be more elevated than those for the discrimination 
groups. A study by Honig, Thomas and Guttman2, using a pro-
cedure similar to that employed in the Hanson study, compared 
the effects on the generalization gradient, of extinction 
training at one value of wavelength as opposed to training in 
which the same stimulus served as S~ in a successive discrim-
ination. Of relevance here, was the finding that the postdis-
crimination gradients, were reduced to the discriminated side 
of S+ but more elevated to the nondiscriminated side of S+. 
In general, the findings of the present study are similar to 
those of the pigeon studies, particularly to those of Honig 
et al3, and Hanson4. 
1. Hanson, H. M. op cit. 
2. Honig, W. K.; Thomas, D. R. & Guttman, N. Differential 
effects of continuous extinction and discrimination tra~n­
ing on the generalization gradient. J. exp. Psychol., 1959, 
58, 145-152. 
3. Honig, et al. ibid. 
4. Hanson, H. M. loc. cit. 
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The effects of the overlearning of a differential dis-
crimination on postdiscrimination gradients has not been pre-
viously explored, in either pigeon or human subjects. It 
appears, however, to have a systematic effect on postdiscrim-
ination gradients. Although this specific feature of discrim-
ination training has not been investigated there is some evi-
dencel that discrimination training interrupted before the form-
ation of a complete discrimination has an effect on the general~ 
ization gradient. The latter study, as well as, a study by 
Honig2 ,,indicated that a shift in the peak of the gradient, 
to the nondiscriminated side of S+, occurs before the discrim-
ination was completely formed. It should be noted that the 
gradient obtained for the noncriterion group in the current 
study does not support this finding, The gradient for this 
group peaked at 7.2 pps., a stimulus on the discriminated 
side of S+. This group had a good deal of discrimination 
training before the test for generalization, and it may be 
that different amounts of pre-criterion discrimination train-
ing will be observed to have different effects on the gener-
alization gradient. 
1. Thomas, D. R. Unpublished study reported in Honig, et 
al, 1959, op. cit. 
2. Honig, et al, 1959, op. cit.· 
B. The Effects of S+, S- Separat~on on Postdiscrimina-
tion Gradients 
In general, the postdiscrimination gradients obtained 
63 
when S- is varied, with respect to its physical proximity to 
S+, have several features in common with those obtained by 
Hanson1 . In the latter study the effect of decreasing the 
physical separation between S+· and S- was to relocate the 
entire gradient toward the nondiscriminated side of S+, as 
the physical separation between the latter stimulus and S-
was decreased. As a result, there was a systematic reduc-
tion in the gradients to the discriminated side of S+ with 
a corresponding elevation in gradients to the nondiscrim-
inated side of S+. In the present study there was also a 
tendency for the number of responses to decrease to stimuli 
to the discriminated side of S+ when S- was shifted from 
10.0 pps. to either 7.4 or 7.8 pps. While the differences 
between respective gradients,, to the nondiscriminated side of 
S+ were not great there was a tendency for the gradients for 
the 7.4 and 7.8 pps. groups to_be more elevated than that 
for the group for which S- was at 10.0 pps. Also, a similar 
reduction was noted in responses made to stimuli to the dis-
1. Hanson, H. M. · op. cit. 
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criminated side of S+ when S- was shifted from 6.2 pps. to 
6.6 pps. Thomas1 , has found that the amount of training may 
be one of the factors contributing to differences noted in 
postdiscrimination gradients as S+, S- separation is manipu-
lated. In this study two groups of pigeons showed the iden-
tical peak shift in the postdiscrimination gradient after 
the same amount of training on two discriminations one of 
which involved aS+, S- separation more than twice the other. 
C. Theoretical Implications of these Data 
Spence's analysis of discrimination learning2, briefly 
stated is that exci·tatory and inhibitory potentials are devel-
oped to stimuli correlated with reinforcement or nonrein-
forcement of a response. Both potentials are assumed to gen-
eralize to adjacent stimuli within the same physical dimen-
sion. The algebraic summation of these overlapping gradients 
determines the strength, for any given stimulus, to elicit 
the response conditioned to S+. This model has been used by 
Spence3 to account for transposition learning and has been ex-
1. Thomas, D. R. An unpublished study reported in Honig et 
al, op. cit. 
2. Spence, K. op. cit. 1936. 
3. Spence, K. op. cit. 1937.. 
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trapolated by Hansonl and Honig2 to generate predictions 
concerning the effects of discrimination training on the 
generalization gradient. 
It has become apparent from the pigeon studies that 
this analysis of discrimination learning when extrapolated 
to make predictions of the effects of discrimination training 
on generalization, is not able, in some instances, to account 
for these findings. This is particularly true with respect 
to the findings of Hauson3 and Honig4 in which the reloca-
tion of gradients along the physical dimension was noted 
when S+, S- separation was varied. These data did not fit 
notions concerning the postulated interaction of positive 
and negative potentials. In this regard Honig5 states: 
"The changes generated by discrimination training 
appear at this·point to be sui generis, and they 
will remain so until a more fruitful approach to 
their explanation can be suggested." 
1. Hanson, H.M., 1958, op. cit. 
2. Honig, et al, 1959, op. cit. 
3. Hanson, H. M. , ibid. 
4. Honig, et al, ibid. 
5. Honig, et al, ibid. 
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If the procedure used in the present study may be viewed 
in a similar framework (that is, on the assumption that light 
served as a positive reinforcing agent, and its absence as 
nonreinforcement) then one might wonder if these data could 
be handled by Spence's theoretical model. It will be noted, 
as is the case, in the pigeon studies as well, that the ex-
trapolation of any theoretical model to a situation, differ-
ent from the one for which it was originally designed, cannot 
be considered a test of the validity of the model, since it 
only approximates the conditions within which the model was 
developed. Such extrapolations merely give some indication 
of the generality of the theory for other behavior obtained 
under different experimental conditions. 
There are several aspects of the current findings to 
which this model is applicable, and it will be discussed only 
as it relates to these particular features. First, the dif-
ferences noted between the gradients obtained for the noncri-
terion and the criterion groups could be attributed to the 
gradual build-up of inhibition. It could be argued that for 
subjects in the noncriterion group the response was not dif-
ferentially strengthened to S+ and S-, by the action of rein-
forcement or nonreinforcement because they were not discrim-
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inably different points. Therefore, the response made during 
discrimination training for this group could be viewed as 
being on a partial reinforcement schedule to the same stim-
ulus. On the other hand, for subjects in the criterion groups, 
S+ and S- were discriminably different so that through the 
differential action of reinforcement and nonreinforcement of 
responses made in their presence inhibition was gradually de-
veloped to S-. It will be remembered, in this regard, that 
7.4 pps. was close to the differential threshold for 7.0 pps., 
and it was expected that a certain number of subjects would 
not be able to discriminate between the two stimuli. Second, 
the findings, for groups in which the S+, S- separation was 
varied, are not concLusive. In some instances they are in 
agreement with this theory whereas in others they are not. 
For example, it would have been expected, on the basis of 
this theory, that the group discriminating 10.0 pps. from 
7.0 pps. would have had a more elevated gradient to both 
sides of 7.0 pps. than for either of the groups who had S-
at 7.4 or 7.8 pps. That is, since the physical separation 
between 10.0 pps. and 7.0 pps. was large, one would expect 
little or no overlap in the respective gradients of excita-
tion and inhibition. However, the gradient for this group 
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was more elevated only to the discriminated side of S+. On 
the other hand, this model fits the findings for the groups 
given similar training to stimuli slower in pps. than S+. 
For these groups, the gradient was consistently more elevated 
to both sides of S+ for those subjects given aS- of 6.2 pps. 
than for subjects given a S- of 6. 6 ·pps .. Third, in some 
cases, there was no overall reduction in the total number of 
responses made during the second test for generalization. 
Since generalization was carried out in extinction one would 
have expected that if inhibition were assumed to develop as 
a function of these operations that there would have been a 
decrease in the total number of responses during the second 
test for generalization. It may be that additional tests for 
generalization, in extinction, would have resulted in a pro-
gressive reduction in responses. (The results for the groups 
in which discrimination training was continued, after discrim-
ination criterion had been met, cannot be discussed in the 
context of this model since it was designed only to account 
for the development of a discrimination. It makes no provi-
sions for the introduction of overlearning trials.) It appears 
from the above·.that the concepts of excitation, inhibition 
and their interaction have a rather limited application to 
these data. This. should not be viewed as a criticism of thi:s· 
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theoretical position in that the boundary conditions within 
which this theory was formulated are only approximated by 
these experimental procedures. 
One reasonable explanation of the changes noted in post-
discrimination gradients, when discrimination training was 
continued after criterion had been reached, is that as dis-
crimination learning increased there was a gradual strength-
ening of a relative judgment. That is, the light came to be 
associated with the "slowest one" of the stimulus pair rather 
than to a stimulus of specific flutter rate. If this were 
the case, it would account for the gradual shift of maximum 
response frequency to stimuli slower in pps. when these stim-
uli were introduced during generalization, and a gradual re-
duction in the number of responses made to stimuli faster in 
pps. This explanation is not applicable to the findings for 
groups in which S+, S- separation was varied, since discrim-
ination training was terminated after criterion had been met. 
It is obvious from the above that there is no currently 
available theoretical model that is able to handle all aspects 
of these data. It is possible that a more adequate theory will 
be formulated after the many basic questions concerning dis-
crimination training and its relation to generalization have 
been answered. 
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D. Discrimination Performance for Groups in which the S+, 
S- Separation was varied 
Previous investigations have shown that discrimination 
performance is affected by variations in the magnitude of 
physical separation between the stimulus pair discriminated. 
For example, three studiesl,2,3 have reported that the time 
required to meet a discrimination criterion was increased as 
the S+, S- difference was decreased. 
The findings of the current study with regard to several 
measures of performance during discrimination are in agreement 
with previous findings. !n this study, it was noted that the 
number of errors, trials to criterion and the ratio of errors/ 
trials tended to reflect the underlying physical separation 
between S+ and S-. For the groups who discriminated between 
S+ and the two stimuli slower in pulses per second than S+, 
there was a systematic increase in each of these performance. 
measures as S- approached S+. For the groups who discr~in-
ated between S+ and one of three stimuli faster in rate of 
pps., the relationship was not as systematic. While the two 
1. Hanson, H. M. op. cit. 
2. Frick, F. C. An analysis of an operant discrimination. 
J. Psychol., 1948, 26, 93-123. 
3. Raben, M. W. The white rats' discrimination of differ-
ences in intensity and illumination m~asured by a running 
response. J. camp. physiol. Psychol., 1949, 42, 254-272. 
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groups for whom S- was at 7.4 and 7.8 pps. made more errors, 
took more trials to criterion and had a larger error/triaL: 
ratio than the group with 10.0 pps. as S-, there were no con-
sistent differences between the two. Group II tended to make 
more errors and have a larger error/trial ratio than the 
group with s-at 7.8 pps., while the latter group tended to 
takecmore trials to criterion. Why this is so is not clear; 
however, it may be that 7.4 and 7.8 pps. are not discrimin-
ately different points. The discriminabilit;y function for 
this particular dimension has previously been determinedl, 
and the difference limen was shown to increase in a linear 
fashion within the range of about 5.0 pps. to 9.0 pps. This 
would indicate that it should be easier to discriminate be-
tween stimuli slower than S+ (7.0 pps.) since the difference 
limen is smaller (ranging from . 25 to . 35 pps . ) than it is 
for stimuli faster than S+ where the difference limen ranges 
from .35 to .39 pps. Furthermore, the estimated difference 
limen for 6.2 is .28 pps., while the corresponding difference 
limen for 7.8 pps. is .39 pps. It may be that 7.4 and 7.8 pps. 
1. Shurtleff, D. A & Mostofsky, D. I The effect of some 
phenothiazine derivatives on the discrimination of audi-
tory flutter. Paper read at Eastern Psychological Asso-
ciation Convention, April 1961. 
72 
were not sufficiently different for any consistent relation-
ship to be noted in discrimination performance of subjects 
in which these particular values served as S-. Further evi-
dence that this might have been the case is obtained by a 
comparison of the postdiscrimination gradients for these two 
groups. It was noted that they were highly similar. This 
was in direct contrast to the corresponding gradients for 
the two groups in which 6.2 pps. and 6.6 pps. served ass-. 
In these groups there was no overlap in the postdiscrimina-
tion gradients. The gradient for the group in which 6.2 pps. 
served as S- was consistently higher than that of the groups 
in which 6.6 pps. served asS-. Also, there was a tendency 
for postdiscrimination gradients to stimuli to the nondis-
crimination side of S+ to be more elevated when the stimuli 
involved were faster in rate than S+, than when they were 
slower in rate than the S+ (compare Figures 7 and 11). In 
conclusion, it appears that these various performance measures 
may reflect, to some degree, the underlying discriminability 
function of the stimuli used in this study. In some instances 
postdiscrimination gradients appear to be a joint function of 
the discriminatory procedures introduced and the underlying 
discriminability of stimuli. 
VI. Summary and Conclusions 
This study proposed a methodology for investigating 
the generalization of voluntary responses to stimuli varying 
as to rate of auditory pulses per second (pps.). In order 
to evaluate these methods as a research technique, two fea-
tures of discrimination training were explored and related to 
perfqvmance in a subsequent test for stimulus generalization. 
These were: (1) the degree of learning of a differential 
discrimination and, (2) the separation, in physical units, 
between the stimuli to be discriminated. 
Ninety three male and female subjects (Ss) recruited 
from the Introductory and Experimental Psychology courses 
at Boston University participated in this experiment. 
During discrimination training, a stimulus (110 AC 
yellow, pilot light) was paired with a standard auditory 
pulses rate of 7.0 pps. (S+) if the S made a designated res-
ponse in its presence, while no light was presented if he made 
the response to another stimulus (S-). The ~ was ins.tructed 
to make a lever response only in the presence of the stimulus 
with which the light was associated. For groups which differed 
as to amount of discrimination learning, the light was paired 
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with 7.0 pps., while no light followed the response made 
in the presence of 7.4 pps. Subjects in groups for which S+, 
S- separation was varied, light was again paired with 7.0 
pps., and no light with one of the following: 6.2, 6.6, 7.4, 
7.8 or 10.0 pps. During the test for generalization, stimulus 
values from 6.2-7.8 pps., in units of .2 pps., were intro-
duced immediately following the termination of any given 
training procedure. The test for generalization was con-
duced without further pairing of the light with responses 
made ·to S+. 
The results indicated that as the amount of discrimination 
learning increased, postdiscrimination gradients were systemat-
ically reduced to S- and adjacent stimuli, while the point of 
maximum response frequency was shifted systematically to stim-
uli to the nondiscriminated side of S+. For the groups in which 
S+, S- distance was varied, there was a tendency for gradients 
to decrease to the discriminated side of S+, as the S+, S- dif-
ference was reduced. The particular shape of the gradient seem-
ed to depend, to some extent, upon whether S- was varied in u-
nits slower than the S+ or faster than the S+. This feature was 
related to the underlying discriminability function for stimuli 
used to test for generalization. Performance during stimulus dis-
crimination tended to reflect the degree of separation between 
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S+ and s-. 
The conclusions of this study were: 
(1) The formation of a differential discrimination be-
tween the standard and one of the variable stimuli making up 
the generalization series, reduced the number of responses 
made to stimuli to the dsicriminated side of the standard 
during generalization. 
(2) The introduction of overlearning trials, after 
a discrimination had been completed, resulted in a further re-
duction in the number of responses to stimuli to the dis-
criminated side of the standard during generalization and a 
shift in the point of maximum response frequency to stimuli 
to the nondiscriminated side of S+. 
(3) Decreasing the unit of physical separation between 
the discriminated pair tended to reduce the number of responses 
to stimuli to the discriminated side of the standard during 
generalization. 
(4) The mean number of errors, trials to criterion and 
the ratio of errors/trials obtained during stimulus discrimin-
ation tended to reflect the magnitude of the physical differ-
ences between the discriminated pair. 
(5) The methodology proposed in this study seems suitable 
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for use as a general research techniqua for the development 
of relationships between stimulus generalization of voluntary 
responses and a variety of antecedent conditions, particularly 
between various features of stimulus discrimination and stimu-
lus generalization. 
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Appendix 
The nine orders of stimulus presentations used during 
the first test for generalization are presented below. Each 
order was reversed during the second test for generalization. 
Order Stimuli in pps. 
1 6.2 6.4 6.6 7.0 7.2 7.4 7.6 7.8 
2 6.4 6.8 7.8 7.4 7.0 6.2 7.2 7.6 
3 6.6 7.8 7.0 6.4 7.6 6.8 6.2 7.4 
4 6.8 7.4 6.4 7.8 6.2 7.0 6.6 7.2 
5 7.2 6.6 7.6 6.2 7.8 6.4 7.0 6.8 
6 7.4 7.0 6.8 7.6 6.4 7.2 7.8 6.6 
7 7.6 7.2 6.2 6.6 7.4 7.8 6.8 7.0 
8 7.0 7.6 7.4 7.2 6.8 6.6 6.4 6.2 
9 7.8 6.2 7.2 6.8 6.6 7.6 7.4 6.4 
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Abstract 
The relationship between stimulus discrimination and 
stimulus generalization has been explored within several 
different experimental settings. 
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The purpose of the current study was to provide a 
methodology which would allow for the investigation of the 
effects of stimulus discrimination training on stimulus 
generalization in human subjects. 
In order to evaluate this method as a research tech-
nique two features of discrimination training were explored 
and related to performance in a subsequent test for stimulus 
generalization. These were: (1) the amount of learning of 
a differential discrimination and, (2) the degree of physical 
separation between the discriminated pair. 
Ninety-three male and female subjects recruited from 
the Introductory and Experimental Psychology courses at 
Boston University participated in this experiment. 
The stimuli used in this study were selected from the 
auditory flutter continuum and differed with respect to fre-
quency of auditory pulses per second. This dimension was 
used for two reasons. First, it is a dimension for which 
control of attendant physical properties, e.g., duration and 
intensity, is possible. Second, it is a dimension with 
which the subjects have had little, if any, nonexperimental 
experience. 
During discrimination training the onset of a yellow 
pilot light followed the response to a standard auditory 
flutter value (S+). No light was presented if he made the 
response in the presence of a second stimulus (S-). The 
subject was instructed to make a lever response only in 
the presence of the stimulus with which the light was asso-
ciated. 
For groups differing in amount of discrimination train-
ing, the light was paired with 7.0 pulses per second, while 
no light was presented to responses in the presence of 7.4 
pulses per second. In groups for which the S+ to S- separa-
tion was varied the light was again paired with 7.0 pulses 
per second and no light with one of the following: 6.2, 
6.6, 7.4, 7.8 or 10.0 pulses per second. 
In discrimination training the subject was presented 
with progressively more S- than S+ trials thereby minimizing 
the expectancy of a fixed ratio of presentations of S+ and 
S-. Such an expectancy could be a confounding factor in the 
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analysis of the number of responses made during the test for 
generalization. This procedure, also, permitted a smooth 
transition from discrimination training to the generalization 
period. 
The test for generalization, which was carried out in 
extinction, followed immediately after the termination of 
any given stimulus discrimination procedure. Two changes 
were introduced during the generalization period: (l) in 
addition to 8+ and 8-, stimuli from 6.2- 7.8 pulses per 
second (in units of .2 pulses per second) were introduced 
and, (2) the light was no longer paired with responses made 
to the standard (7.0 pulses per second). The subject was 
not told of these changes in procedure. 
The results indicated that as the amount of discrim-
ination learning increased postdiscrimination gradients 
were systematically reduced to 8- and adjacent stimuli, while 
the point of maximum response frequency was shifted to stim-
uli to the nondiscriminated side of 8+. There was a ten-
dency for postdiscrimination gradients to be reduced to the 
discriminated side of 8+ as the 8+ to 8- separation was de-
creased. The particular form of the postdiscrimination gradi-
ent seemed to depend upon the direction of 8- variations, i.e., 
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in units slower than the S+ or faster than the S+. This 
latter feature was related to the underlying discriminability 
of the stimuli used to test for generalization. Performance 
during stimulus discrimination tended to reflect the magni-
tude of separation between the discriminated pair. 
